Bioassay-guided fractionation against α-glucosidase resulted in isolation and identification of six phenolic compounds (1−6) from the 70% EtOH extract of the roots of Solanum melongena L. (Solanaceae). Of these, three phenylethyl cinnamides, N-trans-feruloyl tyramine (1), N-trans-p-coumaroyl tyramine (2) and N-cis-p-coumaroyl tyramine (3) possessed inhibitory activity against α-glucosidase with IC 50 values of 500.6, 5.3 and 46.3 μM, respectively. Mechanism analysis revealed these phenylethyl cinnamides were non-competitive inhibitors. This is the first study of the α-glucosidase inhibitory activities of the roots of S. melongena, and this preliminary observation suggested potential medicinal use of this herb.
Glycosidases are membrane-bound enzymes located at the epithelium of the small intestine [1] . These enzymes are not only essential for carbohydrate digestion but also vital for the processing of glycoproteins and glycolipids [1] . Glycosidases are also involved in a variety of metabolic disorders and other diseases, such as diabetes [2] , viral infection [3] and metastatic cancer [4] . Consequently, many efforts have been made to develop α-glucosidase inhibitors for the treatment of these diseases. Natural resources provide a huge and highly diversified chemical bank which we can explore for potential therapeutic agents. In recent years, the α-glucosidase inhibitory activities of plant sources have been studied and several α-glucosidase inhibitors have been isolated [5−7] .
In our ongoing search for potential α-glucosidase inhibitors, we focused on traditional Chinese medicinal plants and tried to find active ingredients with α-glucosidase inhibitory activity, directed by bioassay [8, 9] . From preliminary tests, we found that the 70% EtOH extract of the roots of Solanum melongena L. exhibited activity against α-glucosidase (EC 3.2.1.20) with inhibition of 5.1% at a concentration of 1.0 mg/mL. S. melongena (eggplant) is a common and familiar vegetable plant found worldwide. The roots of this plant, called ''Qie gen'' in China, have been used as a traditional Chinese medicine primarily for the treatment of toothache, chilblains and beriberi. Pharmacological studies showed that the roots of S. melongena produced anti-inflammatory, analgesic and antiatheroscloresis effects [10, 11] .
The objective of this study was to continue the screen for α-glucosidase inhibitors from the roots of S. melongena. We followed the fractionation based on the results of α-glucosidase inhibitory activity of the isolated compounds. Then the effects of these on α-glucosidase were further evaluated in vitro, and the inhibitory modes of their actions were analyzed.
Bioassay-guided screening indicated that the 70% EtOH extract (RE) of the roots of eggplants showed 5.1% inhibition against α-glucosidase at a concentration of 1.0 mg/mL. Further fractionation of RE by D-101 macroporous resin column chromatography yielded four fractions: REA (0% EtOH eluate), REB (30% EtOH eluate), REC (70% EtOH eluate) and RED (95% EtOH eluate). Assay for α-glucosidase demonstrated the active ingredients to be concentrated in the REC fraction, with an inhibition of 14.7% ± 1.0% at the 1.0 mg/mL level (reference, acarbose 33.8% ± 1.6%). The other fractions were inactive. REC was subjected to repeated RP-C 18 and silica gel column chromatography, and preparative HPLC that eventually yielded six phenolic compounds (Figure 1 ), which were characterized as N-trans-feruloyl tyramine (1) , N-trans-p-coumaroyl tyramine (2) , N-cis-p-coumaroyl tyramine (3) [12] , ferul aldehyde (4) [13] , 6,7-dimethoxycoumarin (5) [14] , and ficusal (6) [15] .
The effects of the isolated compounds against α-glucosidase were evaluated. The results, expressed as IC 50 values, were summarized in Table 1 showed the strongest activity with an IC 50 value of 5.3, which was similar to that of 1-deoxynojirimycin (IC 50 = 5.7 μM), a very potent known α-glucosidase inhibitor [16] . Compared with 1−3, compounds 4−6 did not show any inhibition activity. This suggested that the presence of a cinnamide group (1−3) was crucial to the inhibitory activity. These results also provided an insight into the preliminary structure-activity relationship between these phenylethyl cinnamides. The presence of a para hydroxyl group (C-7) on cinnamide derivatives played a very important role on α-glucosidase in promoting the inhibitory activity. However, the replacement of 1 by an OCH 3 group at C-6 resulted in a dramatically less potent inhibitory activity. It also showed that an increase in steric resistance of the cinnamide derivatives would result in a decrease in α-glucosidase inhibitory activity. Comparison of the inhibitory activity of cis-trans isomers 2 and 3 showed that 3 was weaker than 2 by 9-fold, which suggested that phenylethyl cinnamides with Δ 2 cis-oriented gave lower α-glucosidase inhibitory activity than those that were trans-oriented. towards α-glucosidase were similar. Meanwhile, to further evaluate their modes and binding activities against α-glucosidase, additional studies will be carried out using X-ray crystallography.
Experimental
General: NMR spectra were measured in CD 3 OD at 303 K on a Bruker ACF-500 NMR instrument ( 1 H NMR: 500 MHz, 
Extraction and isolation:
The roots of eggplants were extracted 3 times with 70% EtOH under reflux for 4 h each time to afford a dry extract (RE, 300 g) after evaporation under reduced pressure. RE was chromatographed on a D-101 macroporous resin column eluted with gradients of α-Glucosidase inhibitors from Solanum melongena Natural Product Communications Vol. 6 (6) Assay for α-glucosidase inhibitory activity: The inhibitory activity against α-glucosidase was determined by reaction between α-glucosidase (G-5003, 081k7415, Sigma-Aldrich Co., USA) and PNPG (N-1377, Lot. BCBC3074, SigmaAldrich Co., USA) using a 96-well microplate (Thermo Fisher Scientific Inc., NK, USA) [8] . The enzyme (40 μg/mL) and substrate solutions (10 mM) were prepared by dissolving α-glucosidase and PNPG, respectively in phosphate buffer (pH 6.8) containing 0.067M KH 2 PO 4 and 0.067M Na 2 HPO 4 . The tested compounds were dissolved in DMSO. The enzyme solution (20 μL) and test compound solution (5 μL) were mixed in a 96-well microplate. After 10 min preincubation at 37ºC, the substrate solution (90 μL) was added and the mixture was incubated for an additional 10 min at 37ºC to allow reaction between α-glucosidase and PNPG to produce 4-nitrophenol. The increment of absorbance at 410 nm due to 4-nitrophenol was measured by a microplate reader. Acarbose (Bayer AG, Germany) and 1-deoxynojirimycin (D9305, Sigma-Aldrich Co., USA) were used as positive controls and averages of 3 replicates were presented. The inhibition percentage (%) was calculated by the equation: Inhibition (%) = [1− (A sample /A control )] × 100, where A sample and A control correspond to the absorbance of 4-nitrophenol for sample and control, respectively.
